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The effect of the antibiotics gentamicin, streptomycin, kanamycin, tetracycline, and ampicillin on 
planktonic cultures of Enterobacter aerogenes, Serratia marcescens, Salmonella derby, Streptococ­
cus mitis, and Staphylococcus epidermidis with and without an application of 70 kHz ultrasound 
was studied. The ultrasound was applied at levels that had no inhibitory effect on planktonic cul­
tures of bacteria. Measurements of viability at, above, and below the minimum inhibitory concentra­
tion of the above antibiotics on the planktonic cultures of these bacteria showed that a simultane­
ous application of 70 kHz ultrasound and antibiotic significantly increased the effectiveness of se­
lected antibiotics. Bacterial viability was reduced several orders of magnitude when harmless lev­
els of ultrasound were combined with some antibiotics, especially the aminoglycosides. Similar 
synergistic effects of combined ultrasound and antibiotic treatment were seen in both Gram-posi­
tive and Gram-negative bacteria with several classes of antibiotics. These results may have appli­
cation in the treatment of bacterial infections normally resistant to some antibiotics.
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Previous work has shown that gentamicin treatment 
of Pseudomonas aeruginosa and Escherichia coli 
coupled with ultrasound (Hedges et al., 1980; Kom- 
rakov and Antipov, 1990; Kondo et al., 1989; Scherba 
et al., 1991; Williams, 1983) enhances the bactericidal 
activity of the antibiotic against planktonic and sessile 
bacteria (Pitt et al., 1994; Qian, 1996; Qian et al., 1996, 
1997; Williams and Pitt, 1997). The present research 
has extended this type of treatment to other antibiotics 
and to other species of bacteria. Its purpose was to 
conduct a screening study in which a variety of repre­
sentative Gram-positive and Gram-negative organ­
isms were studied. The antibiotics selected for this 
study represent several different agents effective 
against the organisms selected. Specifically, we will 
report the ultrasonic enhancement of gentamicin, 
kanamycin, streptomycin, tetracycline, and ampicillin 
on Enterobacter aerogenes, Serratia marcescens, 
Salmonella derby, Streptococcus mitis, and Staphylo­
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coccus epidermidis. In this screening study, not all an­
tibiotics were tested with each organism.
Materials and Methods
Organisms. Cultures of E. aerogenes (ATCC 
13048), S. marcescens (ATCC 8100), S. derby (API 
245143), S. epidermidis (ATCC 14460), and S. mitis 
(PI 519) were maintained on Columbia agar plates. 
These species of bacteria were chosen because they 
represent several types of Gram-positive and Gram- 
negative bacteria. Twenty-four hours before an experi­
ment, 10 ml of either tryptic soy broth (TSB) without 
glucose (Difco, Detroit, Ml) or Todd Hewitt broth (THB, 
Difco) was inoculated from a plate and grown over­
night at 37°C. After 24 h, the culture was diluted 
1 :1,000 into sterile TSB or THB and grown at 37°C in 
50-ml Erlenmeyer flasks on a rotary shaker at 150 
rpm. Growth times for the second culture varied and 
were based on when the individual species reached 
the exponential growth phase. The number of bacteria 
in the suspensions was measured by serial dilutions in 
physiological saline solution (PSS) and plating onto
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nutrient or Columbia agar. Plates were incubated for 
24 h at 37°C.
Antibiotics. Gentamicin sulfate, kanamycin mono­
sulfate, streptomycin sulfate, tetracycline hydrochlo­
ride, and ampicillin (D[-]-a-Aminobenzylpenicillin) 
were obtained from Sigma Chemical Co. (St. Louis, 
MO) and used without further purification. Using ster­
ile distilled water, gentamicin was diluted to 40 |ag/ml, 
kanamycin to 50 |ag/ml, streptomycin to 50 |ag/ml, 
tetracycline to 100 |ag/ml, and ampicillin to 100 |ag/ml.
Ultrasonication. Ultrasonic exposure was gener­
ated with a Sonicor SC-100 sonicating bath (Sonicor 
Instrument Co., Copiaque, NY) operating at 70 kHz 
and a power density of about 3W/cm2, as measured 
by a calibrated hydrophone (Bruel and Kjaer, Naerum, 
Denmark). The ultrasonic power was generated by 
two lead zirconate crystals connected to the underside 
surface of a stainless steel bath. The bath was filled 
with approximately 1,500 ml of distilled water and 
maintained at a constant temperature of 37°C by recir­
culating the water through a temperature control unit 
(Refrigeration Circulator, Cole-Parmer, Vernon Hills, 
IL, USA).
Measurements of MIC. The minimum inhibitory 
concentration (MIC) of the different antibiotics was de­
termined as reported previously (Pitt et al., 1994). 
Briefly, the MIC was measured by preparing a series 
of test tubes containing TSB and the antibiotic at in­
creasing concentrations from 0 to 100|ig/ml, depend­
ing on the antibiotic used. Each tube was inoculated 
with a dilute culture of exponential-growth-phase or­
ganisms and incubated at 37°C for 24 h, after which 
the turbidities of the cultures were assessed. The MIC 
was defined as the lowest concentration of antibiotic 
that inhibited turbidity in the test tube.
Measurement of bactericidal activity. Four sets of 
duplicate test tubes were prepared for each organism 
with or without an antibiotic. The first set contained 
1 ml of a culture of bacteria grown in TSB or THB for 
24 h on a rotary shaker at 150rpm, diluted in 1 ml of 
sterile distilled water. This set was incubated at 37°C. 
The second set contained 1 ml of a culture of bacteria, 
diluted in 1 ml of distilled water, and was placed in the 
Sonicor bath at 37°C. Ultrasonication was continuous 
throughout the experiment. The third set contained a 
dilute culture of bacteria with a concentration of antibi­
otic at the MIC of the antibiotic for that organism, and 
it was incubated at 37°C, similar to the first set. The 
fourth set contained a dilute culture of organisms with 
the same antibiotic concentration as the first set and 
was placed in the Sonicor bath at 37°C, with sonica- 
tion throughout the experiment. Samples were taken 
from each of the tubes at selected time points, serially 
diluted in PSS, and 100|il were inoculated onto petri 
dishes containing either nutrient agar or Columbia
agar (used for S. derby which required a richer growth 
medium) by using the spread plate method. The petri 
dishes containing the serially diluted organisms were 
incubated at 37°C for 24 h and counted. The mean 
and 95% confidence intervals of the log of the counts 
of colony forming units (cfu) per ml were calculated 
from the results of several replicate experiments. 
Samples were taken from each of the test tubes at 0-, 
1-, 2-, and 3-h time intervals with concentrations of 
antibiotic at the MIC. If a strong synergistic bioa­
coustic effect was noted at the MIC, several concen­
trations of antibiotic below the MIC were tested. A 
“strong synergistic bioacoustic effect” was defined as 
more than 1 log of killing by ultrasound and antibi­
otic over killing by antibiotic alone. For example, con­
centrations of antibiotic at 67 and 33% of the MIC 
were tested on S. marcescens with gentamicin. If no 
bioacoustic effect was seen at the MIC, the procedure 
was modified to use higher concentrations of antibiotic 
with sampling times at 0-, 1-, 2-, 3-, and 6-h time inter­
vals. Higher concentrations of antibiotic were used in 
the following experiments: E. aerogenes treated with 
gentamicin and tetracycline and S. epidermidis treated 
with ampicillin. All other experiments followed the 
standard procedure above.
Statistical analysis. The model used to describe 
and analyze the changes in log concentration data 
was a repeated measures model, an appropriate 
model because multiple measurements were taken 
over time on each test tube. Variables in the model in­
cluded antibiotic concentration, time, set, and sample. 
The model also involved all two-way and three-way in­
teractions between set, treatment, and time. These in­
teractions made the model nonadditive, meaning that 
the difference in log concentrations between each 
treatment was not constant across the different sam­
pling times. Therefore the differences in treatments 
were evaluated at each level of time. Furthermore, the 
errors were determined to be correlated, and thus a 
correlated error structure (first-order autoregression 
model) was used to analyze the data.
Results
Gram-negative organisms
E. aerogenes treated with gentamicin. The MIC of 
gentamicin for E  aerogenes was determined to be 
8|ig/ml. The results of ultrasonic experiments show 
that ultrasound alone did not decrease E  aerogenes 
viability. Gentamicin at the MIC decreased viability by 
1 log after 3 h, and gentamicin in combination with ul­
trasound decreased viability by 4 logs after 3 h, 3 logs 
greater than antibiotic alone (see Fig. 1). The p-value 
for the log of the difference between antibiotic alone 
vs. antibiotic with sonication was 0.0002 after 3 h. This
1998 Enhancing antibiotic action with ultrasound 285
Fig. 1. Viability of a 3-h culture of E. aerogenes after exposure 
to combinations of gentamicin and ultrasound.
Open symbols represent no ultrasonic exposure; closed symbols 
represent insonation at 3W/cm2 at 70 kHz. O, 0 jug/ml; A, 8  jug/ml 
of gentamicin. Statistically significant differences between samples 
exposed to antibiotics and ultrasound and those exposed only to 
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Fig. 3. Viability of a 3 -h culture of E. aerogenes after exposure 
to combinations of streptomycin and ultrasound.
Open symbols represent no ultrasonic exposure; closed symbols 
represent insonation at 3W/cm2 at 70 kHz. O, 0 ug/ml; A, 14 ug/ml 
of streptomycin. Statistically significant differences between sam­
ples exposed to antibiotics and ultrasound and those exposed only 
to antibiotics are noted: * (p<0.05).
Fig. 2 . Viability of a 3-h culture of E. aerogenes after exposure 
to combinations of kanamycin and ultrasound.
Open symbols represent no ultrasonic exposure; closed symbols 
represent insonation at 3W/cm2 at 70 kHz. O, 0 ug/ml; A, 14 ug/ml 
of kanamycin. Statistically significant differences between samples 
exposed to antibiotics and ultrasound and those exposed only to 
antibiotics are noted: *(p<0.05) or*(p<0.001).
bioacoustic effect was first evident after 2 h of expo­
sure. Experiments performed at 20 and 10 ug/ml 
showed that gentamicin in combination with ultra­
sound killed so effectively that no viable cfu were 
found after 1 or 2 h of exposure (data not shown).
E. aerogenes treated with kanamycin. The MIC of 
kanamycin for E. aerogenes was determined to be 
14|xg/ml. Similar to the previous experiment, these 
data show that ultrasound alone does not decrease E. 
aerogenes viability. Kanamycin at the MIC did not de­
crease viability, but kanamycin in combination with ul­
trasound decreased viability by 2 logs after 3h (see 
Fig. 2; p<0.0004 after 3h). Some enhanced killing 
was seen after 1 h.
E. aerogenes treated with streptomycin. The MIC 
of streptomycin for E. aerogenes was also determined 
to be 14|ag/ml. The same experimental procedure 
outlined above was followed for E. aerogenes with 
streptomycin at 14 jog/ml. E. aerogenes appeared to
Fig. 4. Viability of a 3-h culture of E. aerogenes after exposure 
to combinations of tetracycline and ultrasound.
Open symbols represent no ultrasonic exposure; closed symbols 
represent insonation at 3W/cm2 at 70 kHz. O, 0 ug/ml; A, 50 ug/ml 
of tetracycline. Statistically significant differences between samples 
exposed to antibiotics and ultrasound and those exposed only to 
antibiotics are noted: *(p<0.05) or*(p<0.001).
be more resistant to this antibiotic than the others did 
and showed only 1 log more killing with ultrasound 
and antibiotic than with antibiotic alone after 3 h of ex­
posure (see Fig. 3; p<0.0028 after 3h). The en­
hanced killing was statistically significant at all time 
points.
E. aerogenes treated with tetracycline. The MIC of 
tetracycline for E. aerogenes was determined to be 
19 ug/ml. Experiments were performed at and above 
the MIC. There was no significant effect of the antibi­
otic combined with ultrasound at or above the MIC (at 
19 and 30 ug/ml, respectively; data not shown). How­
ever, after 4h of ultrasonication at 50 ug/ml of antibi­
otic (more than double the MIC), a significant syner­
gistic effect of ultrasound and antibiotic was seen (see 
Fig. 4; p<0.0006 after 6h). The combination of ultra­
sound and antibiotic showed enhanced bactericidal 
activity, producing greater than 2 logs more killing than 
antibiotic alone after 6 h of exposure.
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Fig. 5. Viability of a 3-h culture of S. marcescens after expo­
sure to combinations of gentamicin and ultrasound.
Open symbols represent no ultrasonic exposure; closed symbols 
represent insonation at 3W/cm2 at 70 kHz. O, Ojog/ml; A, 2 jog/ml 
of gentamicin. Statistically significant differences between samples 
exposed to antibiotics and ultrasound and those exposed only to 
antibiotics are noted: * (p<0.05).
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Fig. 6. Viability of a 6-h culture of S. derby after exposure to 
combinations of gentamicin and ultrasound.
Open symbols represent no ultrasonic exposure; closed symbols 
represent insonation at 3W/cm2 at 70 kHz. O, 0 ug/ml; A, 30(ig/ml 
of gentamicin. Statistically significant differences between samples 
exposed to antibiotics and ultrasound and those exposed only to 
antibiotics are noted: * (p<0.05).
S. m arcescen s trea ted  with gentamicin. The MIC 
of gentam icin for S. m arcescen s  w a s  determ ined to 
b e 6 ug/ml. Ultrasonic en h an ced  killing w a s evident at 
the MIC and at 66  and 33%  of the MIC (4 and 2 ug/ml, 
respectively). A s with E. aerogenes, ultrasound a lon e  
had no effect on the viability of S . m arcescens. Exper­
im ents run at the MIC sh ow ed  killing with ultrasound  
w a s 3 logs greater than with antibiotic a lon e after 3 h 
(data not show n). The experim ents at 66  and 33%  of 
the MIC w ere perform ed to determ ine if the ultrasonic 
en h an cem en t could b e ex ten d ed  to levels below  the 
MIC. T h ese  results w ere a lso  positive. At 33%  of the 
MIC, the experim ents sh ow ed  m ore than 3 logs of 
killing with ultrasound com bined  with antibiotic ab ove  
killing with antibiotic a lon e after 3 h of exp osu re ( s e e  
Fig. 5; p < 0 .0 0 0 1  after 3 h).
S. m arcescen s trea ted  with tetracycline. The MIC 
w a s determ ined to b e 19 ug/ml for tetracycline on S. 
m arcescens. The results of th e se  exp erim en ts w ere  
inconclusive b e c a u se  no statistically significant killing 
by antibiotic a lon e or by antibiotic with ultrasound w a s  
s e e n  at 19 or 30  ug/ml after 3 h (data not show n).
S. derby  trea ted  with gentamicin. T he MIC w a s  
determ ined to be 11 ug/ml for gentam icin on S . derby. 
Ultrasound a lon e had no effect on the viability of S. 
derby. Experim ents using ultrasound and gentam icin  
at the MIC sh ow ed  killing 1 to 2 logs greater than with 
gentam icin a lon e after 3 h  of exp osu re (data not 
show n). Experim ents with ultrasound at m ore than  
tw ice the MIC (30 ug/ml of gentam icin) sh ow ed  killing 
3 to 4  logs greater than with antibiotic a lon e after 3 h 
of exp osu re ( s e e  Fig. 6; p < 0 .0 0 1 2 after 3 h).
S. d erby  trea ted  with tetracycline. The MIC of 
tetracycline for S. derby  w a s  determ ined to be  
5 ug/ml. Experim ents at and ab ove  the MIC (up to four 
tim es the MIC) sh ow ed  no b ioacou stic  effect. T h ese  
data are not show n.
Fig. 7. Viability of a 3-h culture of S. mitis after exposure to 
combinations of ampicillin and ultrasound.
Open symbols represent no ultrasonic exposure; closed symbols 
represent insonation at 3W/cm2 at 70 kHz. O, Ojog/ml; A, 3 jog/m I 
of ampicillin. Statistically significant differences between samples 
exposed to antibiotics and ultrasound and those exposed only to 
antibiotics are noted: * (p<0.05).
G ram -positive organism s
S. mitis trea ted  with ampicillin. The MIC w a s  d e ­
term ined to b e 3 ug/ml for ampicillin on S . mitis. Ultra­
sou nd  a lon e had no effect on the viability of S. mitis. 
The b ioacou stic  effect could b e noted after the first 
hour. Even though the bactericidal effect of the antibi­
otic w a s  not greatly different than the effect of the 
com bined  antibiotic and ultrasound after 3 h , a  slight 
synergistic effect b e c a u se  of ultrasound w a s still 
noted, esp ecia lly  at shorter exp osu re tim es ( s e e  Fig. 
7; p < 0 .0 0 3 0  after 1 h, p < 0 .1 72 9  after 3 h).
S. epiderm idis trea ted  with ampicillin. The MIC for 
S. epiderm idis with ampicillin w a s  difficult to determ ine  
b e c a u se  of sporadic positive tu b es. Therefore experi­
m ents w ere perform ed at a  concentration known to b e  
bactericidal: 75 |xg/m l of antibiotic. The procedure w a s  
modified so  that sa m p les  w ere taken at 0-, 1-, 2-, 3-, 
and 6-h tim e intervals. At th e se  intervals, a  synergistic  
effect b etw een  the ultrasound and ampicillin w a s
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Fig. 8. Viability of a 3-h culture of S. epidermidis after expo­
sure to combinations of ampicillin and ultrasound.
Open symbols represent no ultrasonic exposure; closed symbols 
represent insonation at 3W/cm2 at 70 kHz. O, 0 ug/ml; A, 75 ug/ml 
of ampicillin. Statistically significant differences between samples 
exposed to antibiotics and ultrasound and those exposed only to 
antibiotics are noted: *(p<0.05).
se e n . After 6 h , ampicillin in com bination with ultra­
sound  produced greater than 1.5 logs of killing ab ove  
killing by ampicillin a lon e ( s e e  Fig. 8; p < 0 .0 0 9 6  after 
6 h). A s with the other organ ism s, ultrasound a lon e  
had no effect on the viability of S . epidermidis.
S. epiderm idis trea ted  with tetracycline. The MIC 
of tetracycline on S . epiderm idis  w a s  determ ined to be  
50 |xg/m l. Experim ents sh ow ed  no en h an ced  killing 
with ultrasound (data not show n).
D iscussion
Previous experim ents have show n a synergistic e f­
fect b etw een  ultrasound and antibiotics in killing 
planktonic cultures of E. coli and P. aeruginosa  (Pitt et 
al., 1994; W illiams and Pitt, 1997). The purpose of this 
research  w a s  to determ ine if this sa m e  b ioacou stic  e f­
fect could b e ob served  with other s p e c ie s  of Gram- 
negative and G ram -positive organ ism s.
Ampicillin w a s  ch o se n  in this screen in g  study b e ­
c a u s e  of its w ide u se  aga in st G ram -positive and  
G ram -negative bacteria. P revious work reported that 
no b ioacoustic effect w a s  ob served  with planktonic 
cultures of S . epiderm idis  and S. aureus  at the MIC of 
ampicillin (Pitt et al., 1994). H owever, data reported  
here sh ow ed  that a  b ioacou stic  effect can  b e s e e n  
with S. epiderm idis  and S . mitis in com bination with 
ampicillin at concentrations ab ove  the MIC for longer  
periods than w hen previously exam ined . T hus a  b ioa­
cou stic  en h a n ced  killing of so m e  G ram -positive 
s p e c ie s  occurs under certain conditions.
Tetracycline w a s  ch o se n  for this study b e c a u se  of 
its w ide u se  aga in st both c la s s e s  of bacteria and b e ­
c a u s e  of its different m ode of action and uptake from 
th o se  of the am in og lycosid es and penicillins (Kagan, 
1980; P eterson  and Verhoef, 1986). The sm allest d e ­
gree  of ultrasonic en h an cem en t w a s  s e e n  with this
antibiotic. E nhanced killing w a s s e e n  only after e x ­
ten ded  sonication  in com bination with concentrations  
of antibiotic that w ere m ore than double the MIC. For 
exam p le, E. aero g en es  e x p o se d  to tetracycline 
sh ow ed  significant en h an ced  killing only after 4 h  of 
sonication . Tetracycline in com bination with S. derby  
and S. m arcescen s  sh ow ed  no killing, ev en  after e x ­
ten ded  sonication.
The am in og lycosid es, gentam icin , kanam ycin, and  
streptom ycin, w ere a lso  evaluated  in this study (Martin 
and B everidge, 1986; Tangy et al., 1985). It h as b een  
postu lated  that the binding of polycationic am inoglyco­
s id e s  to the anionic G ram -negative cell su rface d e s ta ­
bilizes the outer m em brane, cau sin g  in creased  per­
meability (K adurugam uwa et al., 1993a , b; Martin and  
B everidge, 1986). P erhap s this destabilization, w hen  
com bined  with ultrasound, provides a  m echan ism  for 
in creased  intracellular concentration of the antibiotic. 
All G ram -negative organ ism s w e have evaluated  so  
far, w hen treated with an am inoglycosid e, w ere killed 
m ore rapidly w hen the antibiotic treatm ent w a s  co m ­
bined with 70 kHz ultrasound.
The g rea test b ioacoustic effect w a s  s e e n  with g e n ­
tamicin in com bination with E. aero g en es  and S. 
m arcescens. Both sh ow ed  2 to 4 logs greater killing 
with antibiotic and ultrasound than killing with antibi­
otic a lon e. This is similar to the ultrasonic en h an ced  
action of gentam icin  on E. coli and P. aeruginosa  re­
ported previously (Pitt et al., 1994).
O ngoing work h as show n that the principle of bio­
acou stic -en h an ced  killing of bacteria a lso  ap plies to 
s e s s i le  bacteria in biofilms (Qian, 1996; Qian et al., 
1996, 1997). Although the u ltrason ic-enhanced  antibi­
otic activity in this and previous stu d ies is beyond d is­
pute, the m olecular m ech an ism s producing the e n ­
h anced  killing are not fully known. Electron spin re so ­
n an ce stu d ies (Rapoport et al., 1997) indicate that the 
transport of a  hydrophobic spin label either a cr o ss  or 
into the outer leaflet of the lipopolysaccharide (LPS) 
layer of G ram -negative organ ism s is en h an ced  by ul­
trasound. It is probable that the en h an ced  killing of the 
organ ism s tested  in this study with so m e  antibiotics is 
d ue to a  similar en h an ced  transport of the antibiotic. A 
physical disruption or s tr e ss  of the outer m em brane  
through the application of ultrasound m ay d e c r e a se  
the stability of the bacterial outer m em brane, thereby  
allowing a  greater sorption or diffusion of the antibi­
otic. Destabilization of the outer m em brane b e c a u se  
of ultrasound a lon e d o e s  not kill the ce lls , a s  indicated  
by control experim ents receiving only ultrasound. 
W yber et al. (1997) d em onstrated  that plasm id DNA 
w a s effectively delivered into Sacch arom yces cere- 
visiae  by using low -frequency ultrasound. P lasm id  
DNA w a s not d am aged  by this m ethod, and p lasm ids  
w ere transform ed into S. cerevisiae  ce lls  m ore e ffec ­
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tively than with conventional m ethods. U sing m am ­
malian ce lls , Mitragotri et al. (1996) h ave indicated  
that low -frequency ultrasound d esta b ilizes  lipid layers 
in skin, thus en h ancing the perm eability of drugs. After 
the ultrasonic treatm ent, the previous perm eability  
w a s eventually  restored. A similar reversible d estab i­
lization could b e occurring in the bacterial outer m em ­
brane.
B e s id e s  en h an ced  m em brane permeability, there  
are other h y p o th eses regarding p ossib le  m ech an ism s  
to support this ob served  acou stic  en h an cem en t. O ne  
is that the physical s tr e ss  c a u se d  by low -frequency ul­
trasound m ay c a u se  a  type of s tr e ss  re sp o n se  within 
the cell, a n a lo g o u s to the heat sh o ck  resp o n se  ob ­
served  in both prokaryotic and eukaryotic ce lls . A 
str e ss  resp o n se  would activate sp ec ific  g e n e s  coding  
for proteins to respond to the s tr e ss  or to m ake the  
m em brane m ore perm eable to nutrients or other m ole­
cu le s  ou tside the cell. This in creased  perm eability  
might accoun t for the greater uptake of antibiotics by 
so m e  organ ism s. It is a lso  p ossib le  that a  s tr e ss  re­
sp o n se  lead s to in creased  ribosom al activity contribut­
ing to the e ffec tiv e n e ss  of drugs that bind to the ribo­
so m e.
A final h yp oth esis is that the low -frequency ultra­
sound  m ay affect the bacteria at the ribosom al level. 
A s m entioned ab ove, so m e  antibiotics act on the b a c­
teria by binding to sp ecific  s ite s  on the bacterial ribo­
so m e  and interrupting protein transcription. Perhaps  
ultrasound d estab ilizes the binding of mRNA or the  
growing peptide chain to the resp ective g ro o v es  in the  
ribosom e, or p erhaps it p revents the attachm ent of 
am ino acid s to the growing peptide chain b e c a u se  of 
physical disruption. Ultrasound m ay destab ilize the ri­
b o so m e in su ch  a  w ay that protein sy n th esis  is ham ­
pered entirely. T h e se  s t r e s s e s  coupled  with an in­
cr ea sed  concentration of antibiotics (through in­
cr ea sed  m em brane perm eability) m ay accoun t for the  
au gm ented  killing of bacteria with so m e  antibiotics. 
T h e se  h y p o th eses  and others remain to be tested .
W hatever the m olecular m echanism  m ay b e, th e se  
results h ave show n that 70  kHz ultrasound in crea ses  
the killing of severa l s p e c ie s  of bacteria with several 
c la s s e s  of antibiotics. Although not all s p e c ie s  are 
killed m ore effectively with the com bination of antibi­
otics and ultrasound, th e se  findings could be an im­
portant contribution to the effective treatm ent of so m e  
typ es of bacterial infections.
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